he present study aimed to investigate the effect of partial or complete replacement of the fish meal (FM) by cotton seed meal (CSM) in diets of Nile tilapia, Orcochromis niloticus, to reduce feed costs. Therefore, five experimental diets contained 0, 25, 50, 75 and 100% CSM as replacements of FM. The final body weight decreased with increasing the level of replacing FM by CSM. However, the replacement of 25% of FM by CSM had no significant effect on the final BW, while the higher replacing levels (50, 75 or 100%) significantly (P<0.05) reduced the final BW of the Nile tilapia and the same trend was also observed for body length, weight gain, specific growth rate, feed intake, feed conversion ratio and protein efficiency ratio.
INTRODUCTION
The high cost of fish meal in tilapia diets warrants the potential use of cottonseed meal (CSM) as an alternative source of high quality protein.
Cottonseed, Gossypium spp, is the third leading legume seed by weight (after soybean and rapeseed) used worldwide. Owing to its high protein value for animals (Alford et al., 1996) as well as low market price in comparison with legumes and fish meal, cottonseed meal (CSM) consequently has an immense potential for incorporation in high-protein aqua-feeds. Cottonseed meal is an important source of dietary protein for domestic animals, its use in commercial aquaculture feeds is limited because of the presence of gossypol (a polyphenolic substrate ) which known with its toxic effect in fish that include growth depression (Garcia-Abiado et al., 2004) and the low available lysine content.
The results of numerous studies evaluating CSM in catfish, salmonid and tilapia diets indicated that between 10% and 30% of solvent extracted, 40% protein CSM can be used in aquaculture diets without growth depression. Lee et al. (2006) summarized a series of studies in rainbow trout where CSM replaced fish meal entirely over a 3-year period without significantly impacting growth rate of rainbow trout, although diets with CSM had significantly lower protein and phosphorus assimilation. In the study of Robinson and Li (1994) , channel catfish, Ictalurus punctatus, were raised at high densities in earthen ponds and fed to satiation a diet containing 51% CSM with supplemented lysine (0.65%). Results of there authors indicated that growth rate, dress-out percentage and chemical composition of the fillets did not differ significantly from fish fed diets containing SBM (42%). Cottonseed meal typically contains about 400-800 mg of free gossypol kg _1 , a compound recognized for its toxicity to animals, especially in regard to reproduction. Robinson and Tiersch (1995) found that mature catfish fed diets containing CSM at either 37.5% or 52% (300 or 400mg of free gossypol kg _1 diet) gained less weight than fish fed either a control diet (no CSM) or a diet with 25% CSM. Gossypol concentrations in liver were proportional to dietary CSM levels. Free gossypol is known to bind lysine rendering it less bioavailable (Wilson et al., 1981) .
Growth depression occurred in channel catfish fed diets containing more than 900 mg free gossypol/kg diet (Dorsa et al., 1982) , whereas a diet containing as low as 290 mg free gossypol/kg diet reduced the growth of rainbow trout (Herman, 1970) . Iron as ferrous sulfate, has been successfully used to counteract the toxicity of free gossypol in diets of monogastric, terrestrial animals (Jones, 1987) . High levels of supplemental iron used to counteract the toxicity of gossypol may be harmful to fish because it has been suggested that a delicate balance exists between the need of iron for host defense mechanisms and the need of iron to sustain microbial growth.
Garcia Abiado et al. (2004) reported that, fish fed on 25-50% CSM protein replacement showed similar body weight and total lengths as the controls at the completion of the 16-week trial. Fish fed 75 and 100% CSM protein replacement showed a significant decline in body weight and total length. They added that Fish fed 25-100% CSM protein replacement had significantly lower haematocrit and hemoglobin values compared with levels in controls.
Early studies have indicated that the amount of CSM that can be used in Nile tilapia feed depends mainly on the level of free gossypol and available lysine content of the diets. Due to unfavorable physiological effects of gossypol and to a reduction in the biological availability of lysine because of the binding properties of gossypol (Dorsa et al., 1982) , application of higher levels of CSM in fish diets is limited. Ofojekwu and Ejike (1984) and Rosbinson et al. (1984 a) found that O. arueus fed CSM-based diets yield poor performance. The authors attributed the poor performance to the gossypol contents in glanded and glandless CSM, respectively. On the contrary repressed solvent-extracted CSM was successfully used as a single dietary protein source for O. mossambicus (Jackson et al. 1982) and Nile tilapia (El-Sayed 1990) . El-Saidy (1999) reported that, rapressed solvent-extracted CSM could replace up to 50% of FM in juvenile Nile tilapia diets without requiring lysine supplementation. Free gossypol when present in large quantity in the diet has been shown to be toxic to monogastric animals including fish. The present study aimed to evaluate the effect of partial or complete replacement of fish meal (FM) by cotton seed meal (CSM) in diets on growth performance and feed utilization of Nile tilapia Oreochromis niloticus.
MATERIALS AND METHODS
The present study was carried out at the Laboratory of Fish Nutrition, Faculty of Agriculture, Benha University. The experiment was conducted during the period from 15 April until 15 July 2006 (three months), designed to study the effect of replacing FM partially or completely by CSM in Nile tilapia diets on growth performance, nutrients utilization, chemical composition and feeding costs. .
Experimental Fish and Management
The experimental fish were obtained from the hatchery unit at the Experimental Station of the World Fish Center, Abbassa, Abou Hammad, Sharkia, Egypt. The experimental fish were carefully transported in 50 -liter plastic bags filled with water and oxygen to the laboratory. After arrival fish were adapted for 2 weeks to the new conditions, and fed a basal diet containing 40% CP and 3000 Kcal ME/Kg diet. Fish were randomly grouped into 5 groups and each group was arranged in three glass aquaria (three replicates for each treatment) therefore, 15 rectangular aquaria 100L×40W×50H, cm (180 liter of water for each) were used for this experiment. Each aquarium was stocked with 20 fish with an initial weight raring from 1.43 to 1.53g, therefore, a total of 300 fish of Nile tilapia (Oreochromis niloticus) was used in the present investigation.
About 25% of water volume in each aquarium was daily replaced by aerated fresh water after cleaning and removing the accumulated excreta. Water, temperature, pH and dissolved oxygen were measured daily at 2.00 pm, while total ammonia was weekly measured. Water quality parameters measured were found to be within acceptable limits for fish growth and health (Boyd, 1979) .
Fish were fed experimental diets at a daily rate of 3% of total biomass till the end of experimental period. Fish were fed on the experimental diets at the rate mentioned above six day/week (twice daily). Every two weeks, fish were taken from each aquarium then weighed and the amount of feed was adjusted according to the changes in body weight through the experimental period.
Experimental Diets
Five experimental diets contained 0%, 25%, 50%, 75% and 100% CSM as replacements of FM on protein basis were used in the experiment (D1, CSM 0%; D2, CSM 25%; D3, CSM 50%; D4, CSM 75% and D5, CSM 100%). All experimental diets were formulated to contain approximately 30%CP and 2700 Kcal ME/Kg diet, i.e., isonitrogenous and isocaloric. Feed ingredients and chemical composition of the experimental diets are shown in Table ( 1). The dry ingredients of the experimental diets were first ground to a small particle size, thoroughly mixed, then water was added to obtain a 30%moisture level. Diets were passed through a mincer machine with 2mm diameter after which the diets were sun-dried for 3 days.
Growth performance and feed utilization parameters
Records of live body weight (BW, g) and body length (BL, cm) of individual fish were measured for all fish of each aquarium and registered every 14 days (two weeks) feed utilization and growth parameters were calculated by the following At the end of the experiment (90 days after start), eight fish were chosen at random from each aquarium and sacrified with a sharp knife. Blood samples of four fish were collected from the caudal vein in clean heparinized tube, to determine hematocrit and hemoglobin. Blood samples of the other four fish were collected also from the caudal vein in clean dry centrifuge tubes, kept for 15 minutes, centrifuged at 3000 rpm. for 10 minutes to separate blood serum, then kept frozen at-20°C for latter determination of blood serum transaminases.
Hematocrit was determined by the microhematocrit method as described by Reitman and Frankel (1957) . Whereas, hemoglobin was determined by the total hemoglobin kits, which is a standardized procedure of the cyanomethemoglobin method. All biochemical analysis of fish serum were measured colorimetrically using spectrophotometer, and commercial kits Asparatate aminotransferase (AST) and alanine aminotransferase (ALT) activities were determined according to the method described by Reitman and Frankel (1957) .
All the experimental diets were chemically analyzed to determine dry matter (DM), crude protein (CP, N×6.25), ether extract (EE), crude fiber (CF), and ash contents according to the methods of the AOAC (1990). Nitrogen free extract (NFE) was calculated by differences, i.e.; by deducting the sum of percentages of moisture, CP, EE, CF and ash from 100.
After blood sampling, the eight fish chosen from each aquarium were exposed to the chemical composition of whole fish body according to the methods of AOAC (1990). 2 NFE =100-(CP +EE +CF +Ash) 3 ME was calculated from ingredients based on NRC (1993) values for tilapia. 4 P/E ratio = mg protein/Kcal ME 5 Local market price of feed ingredients used for formulating the experimental diets at the exact time of the experiment was 12000, 1200, 1000, 1000, 3000, 1000, and 5000 LE/ton for fish meal, soybean meal, yellow corn, cottonseed meal, corn oil, wheat bran and Vit. and min. mix., respectively.
Statistical Analysis.
Statistical analysis of data obtained was analyzed according to the computer program, SAS (1996) . Differences between means were tested for significance according to Duncan's multiple rang test as described by Duncan (1955) . The following model was used to analyze data obtained of the experiment.
Y ij = µ + α i +e ij Where;Y ij = the observation of the j th fish eaten i th diet; µ = overall mean; α i = the effect of j th treatment. e ij = random error assumed to be independently and randomly distributed (0,δ 2 e).
RESULTS AND DISCUSSION

Growth performance
Results of Table ( 2) indicated that the average initial body weight (BW) of Nile tilapia, O. niloticus ranged between 1.43 and 1.53g. Analysis of variance showed insignificant differences in initial BW among the experimental fish groups indicating the random distribution of the experimental fish on the different treatments. At experimental termination (after 90 days from the experimental start), the final BW ranged between 6.32 and 11.96 g and the differences were significant (P<0.05)
Compared with the control fish group, the replacement of 25% of FM by CSM had no significant effect on the final BW, while the higher replacing levels (50, 75 and 100%) reduced significantly (P<0.05) the final BW of Nile tilapia and the same trend was also observed for body length.
Nearly similar results were reported by Garcia-Abiado et al. (2004) . who found that tilapia fish fed 25-50% CSM protein as a replacer of FM showed similar body weight and length (BL) as the controls at the completion of a 16-week trial, while fish fed 75 and 100% CSM protein replacement showed a significant decline in BW. On the other hand, Rinchard et al. (2003) concluded that final BW and BL of rainbow trout fish was not affected when dietary FM proteins were gradually replaced with CSM proteins (0, 25, 50, 75 and 100%) during a 9-month period.
The initial value of condition factor (K values) for fish received the experimental diets ranged between 2.69 and 3.02 with insignificant differences, indicating that tilapia fry at the experimental start had relatively similar BW and BL (Table 2) . At the experimental termination, the highest K value (2.24) was recorded for fish group fed diet 2 (CSM 25) where 25% of FM was replaced by CSM followed in a descending order by those fed the control diet 1 (CSM0) 2.07, diet 5 (CSM100) 2.06, diet3 (CSM50) 2.04, and diet 4 (CSM 75) 1.95 respectively. Analysis of variance indicate that final K values of Nile tilapia were not significantly (P>0.05) affected by the replacing levels of dietary FM by CSM.
Growth in the fish can be readily monitored by measuring the increase in weight and length. Another parameter which may be used as index for growth is the K, which provides a measure of fattiness of fish and feed conversion efficiency (Power, 1990) . Condition factor also measures the plumpness or robustness of fish, and easily calculated from routinely collected length and weight data. Condition factor of fish is essentially a measure of relative muscle to bone growth and the differing growth responses of these tissues to diet treatment may be reflected by changes in K value (Ostrowski and Garling, 1988) . Condition factor was considered to be a sufficient measure of shape, although shape is usually not considered as a character of interest to breeding programmes, since it has no obvious economic value (Nilsson, 1992) . In an earlier study, Robinson and Daniels (1987) investigated CSM as a partial or complete substitute for soybean meal in catfish diets. They reported that fish fed a diet containing CSM to replace all soybean meal had similar K values compared to fish fed a soybean meal diet.
Results in Table ( 3) showed that the highest weight gain (WG) value (10.54g) was recorded by fish group fed on the control diet (CSM 0), while the lowest one (4.84g) was shown by fish group fed on diet 5, CSM100 (complete replacement of FM by CSM). Data obtained indicated that WG values decreased as the level of replacing FM by CSM increased. The effect of the replacing level of dietary FM by CSM on WG was significant (P<0.001). Differences in WG of fish fed the control diet (CSM 0) and those fed diet 2 (CSM 25) were not significant, whereas, the differences between fish on fed the control diet and those fed on other diets with higher inclusion CSM levels were significant (P<0.05) and these results are in partial agreement with those reported by Cheng and Hardy (2002) . They found that rainbow trout fish fed on the diets containing either 5% or 10% CSM (as replacer for dietary FM) had the same WG and were not significantly different from that recorded for fish fed the control FM diet, while the higher replacing levels (15% or 20%) significantly reduced WG compared to fish fed the FM as a control diet. They concluded that CSM could be used up to the 10% inclusion rate or to replace up to 40% of FM protein in rainbow trout diets without significant effect on WG. Robinson and Tiersh (1995) found that mature catfish fed on diets containing 37.5% or 52% of CSM (300 or 400 mg free gossypol/kg of feed), gained less weight than fish fed on either control diet (no CSM) or a diet with 25% CSM. Yildirim et al. (2003) supplemented juvenile channel catfish diets with 0, 300, 600, 900, 1200 and 1500 mg gossypol/kg diet and fish were fed the experimental diets to satiation for 12 weeks. They found that WG was inversely related to the concentration of dietary gossypol. Fish fed diets without and with 1500 mg gossypol/kg had significantly the highest and lowest WG values, respectively. In contrast, Rinchard et al. (2003) showed that WG of rainbow trout fish was not affected with increasing levels of replacing dietary FM proteins by CSM proteins (0, 25, 50, 75 and 100%). Robinson (1991) evaluated the effect of supplementing lysine to CSM when it partially or completely replaced soybean in channel catfish feeds. They found that CSM could replace 50% of soybean meal without lysine supplementation, and could replace 100% of soybean meal when lysine was supplemented, without reducing WG.
Results of Table ( 3) indicated that, specific growth rate (SGR) values decreased with increasing the level of replacing dietary FM protein by CSM. Fish fed the diet 5 (CSM100) showed the lowest SGR value (1.62), whereas, those fed diet 1 (CSM 0, control diet) recorded the highest one (2.36). in this respect Rinchard et al. (2003) fed rainbow trout during a 9-month period, five experimental diets where FM proteins were gradually replaced with CSM proteins (0, 25, 50, 75 and 100%, respectively). SGR of fish was not affected with the increasing levels of CSM in the diets. Lee et al. (2002) found that FM could be entirely replaced by a mixture of plant protein (CSM+soybean meal) without adverse effect on growth rate of rainbow trout, Oncorhynchus mykiss. Lee et al. (2006) replaced FM by CSM at rates of 25, 50, 75 and 100% in experimental diets of rainbow trout (Oncrhynchus mykiss). They found that growth rate was not significantly affected by the dietary CSM except for the diet in which FM was completely replaced by CSM.
Generally, results of growth performance of Nile tilapia in the present study showed that, replacement of 25% of FM by CSM (on CP basis) had no significant affect on all growth parameters studied (BW, BL, K, WG and SGR) indicating the possibility of substitution of 25% of FM protein by CSM protein in Nile tilapia diets without depression of growth, while the higher replacing levels (50, 75 and 100) significantly depressed all these parameters because the increasing subsuming levels of FM by CSM may increase the amount of gossypol in the diet and followed by depression in fish growth.
Feed utilization
Results of feed intake (FI) as affected by replacing dietary FM by CSM are presented in Table ( In this connection the previous results, Cheng and Hardy (2002) showedthat rainbow trout fish fed diets contained either 5% or 10% dietary CSM as replacer for FM had the same FCR and were not significantly different from that recorded for fish fed the control (100%FM) diet, while the higher replacing levels (15% or 20%) adversed significantly FCR value. They concluded that CSM could be used up to the 10% inclusion rate or to replace up to 40% of FM protien in rainbow trout diets without significant effect on FCR. Ofojekwu and Ejike (1984) reported a much lower (poorer) feed efficiency value for O. niloticus fed a CSM diet as compared to tilapia fed a FM control diet. Dietary inclusion levels of 20-30% CSM have been reported to be both safe and useful for tilapia fish (Robinson et al., 1984) . Robinson and Daniels (1987) reported that CSM could be used as complete substitute for soybean meal in catfish diets without significant effect on FCR values. Moreover, Robinson (1991) showed that CSM could replace 50% of soybean meal without lysine supplementation, and could replace 100% of soybean meal when lysine was supplemented, without reducing FCR values of channel catfish.
Results of Table ( 4) indicated that, fish fed the control diet (CSMO) showed the highest (best) PER value (2.18), while those fed diet 5 (CSM100) recorded the lowest (poorest) one, being 1.53. However, replacing 25% of dietary FM by CSM had no significant effect on PER values, whereas increasing the replacing level to 50, 75 or 100% significantly (P<0.05) decreased PER values. Lee et al., (2002) found that FM could be entirely replaced by a mixture of plant protein (CSM+soybean meal) without adverse effect on feed and protein utilization of rainbow trout, Oncorhynchus mykiss..
Based on results of the effect of replacing dietary FM by CSM on FI, FCR and PER of Nile tilapia, it is clear that replacing 25% of dietary FM by CSM had no significant effect on all of these parameters, whereas, increasing the replacing level to 50, 75 or 100% significantly adverse these parameters.
Hematological parameters
As described in Table ( 5), hematocrit and haemoglobin values (hematological parameters) almost decreased proportionally with increasing the dietary CSM protein level. Compared with fish fed the control diet (CSM0), all replacing levels of dietary FM by CSM significantly (P<0.05) decreased hematocrit and haemoglobin values and the largest declines occurred among fish fed diets containing 50-100% CSM protein replacement. However, the hematocrit (27.64%) and haemoglobin (9.09 g/dl) levels of tilapia fish fed the control diet in this study are within the normal levels reported by Sun et al. (1995) . Lee et al. (2006) reported that CSM at rates of 25, 50, 75 and 100% as replacers for dietary FM of rainbow trout had no polynomial effect on hematocrit and hemoglobin concentrations.
In full agreement with the obtained results, Garcia-Abiado et al. (2004) reported that tilapia fish fed diets in which FM was replaced by CSM in an increasing levels (25, 50, 75 or 100% ) had significantly lower hematocrit and haemoglobin levels compared to levels of the controls. Also, Post (1987) cleared that hematocrit and haemoglobin levels in fish fed diets containing 25-50% CSM protein were about two to three times lower, whereas the levels in diets containing 75-100% CSM protein were four to six times lower than controls.
Cytotoxic effects of gossypol are frequently associated with decreased hematocrit and hemoglobin, and increased red blood cell fragility. The reason for the detrimental effects of CSM on hematological parameters (hematocrit and hemoglobin) is thought to be the binding property of gossypol molecules to minerals (iron) and/or the amine group of amino acids causing their low availabilities in the body and increased erythrocyte fragility (Makinde et al., 1997) . Lee et al. (2002) found that hematocrit levels were significantly lower in rainbow trout fish fed CSM-containing diets than in the control and they attributed the lower hematocrit levels observed in fish to the cumulative effect of gossypol and/or decreased availability of iron in CSM containing diets causing increased erythrocyte fragility. The gradual increment of gossypol concentrations in blood plasma of fish fed diets containing gradual increases of CSM supports the association of gossypol with decreased hematocrit and hemoglobin levels. Barraza et al. (1991) reported that the haematological variables, hematocrit and haemoglobin, are important measures as indicators for the rate of haemoglobin synthesis to red cell formation, and erythrocyte sedmentation rate. They added that free gossypol traps Fe, causing anemia and erythrocyte fragility. 
Serum transaminases
Results of serum transaminases (aspartate aminotransferase, AST and alanine aminotransferase, ALT) of Nile tilapia as affected by replacing dietary FM by CSM are presented in Table (6) . These results revealed that AST and ALT values almost increased with each increase in CSM level as a substitute for FM in Nile tilapia diets and the differences in both AST and ALT values attributed to CSM level were significant (P<0.05). However, AST level (compared to the control group) was not significantly affected when 25 or 100% of dietary FM was replaced by CSM, while the other replacing levels (50 or 75%) significantly (P<0.05) increased AST level. With respect to ALT activity, results indicated that increasing CSM level in tilapia diet up to 75% did not significantly altered ALT level, whereas, the complete replacement of dietary FM by CSM reduced serum ALT level. The estimations of serum enzyme activities of AST and ALT are taken as an indication of the amount of liver damage, as the elevated serum enzyme levels might be related to the degree of liver injury. Liver disease causes an increase in some serum enzymes by blocking their elimination into the blood (Barraza et al., 1991) . Proximate analysis of whole Nile tilapia fish body.
Chemical analysis (dry matter, protein, lipid and ash contents) at the end of a feeding trial is frequently used to determine the influence of feed on fish composition. According to Hepher (1988) , endogenous factors (size, sex and stage of life cycle) and exogenous factors (diet composition, feeding frequency, temperature etc.) affect the body composition of fish. It should be noted that within exogenous factors, the composition of the feed is only the factor which could have influenced the chemical composition of fish, as other endogenous factors were maintained uniform during the study.
Results of Tables (7) showed that dry matter content ranged between 27.01 and 27.80 %, with insignificant differences among the different experimental groups. Compared to the control group, as the dietary CSM level increased, protein content of whole fish body significantly (P<0.05) decreased, while the opposite trend was observed for fat content where the increasing level of CSM in the experimental diets significantly (P<0.05) increased fat content of the whole fish body.
Increasing the inclusion levels of CSM in the experimental diets up to 25% had no significant effect on ash content of whole fish body, while the other replacing levels (50, 75 or 100%) significantly (P<0.05) reduced ash content of the whole fish body.
In contrast to the previous results, Cheng and Hardy (2002) reported that the replacement of FM by CSM in diets of rainbow trout at levels of 5, 10, 15, or 20 % had no significant effect on moisture, fat, crude protein and ash of whole fish body. 
Feed costs
Feed cost is considered to be the highest recurrent cost in aquaculture, often ranging from 30 to 60%, depending on the intensity of the operation. Any reduction in feed costs either through diet development, improved husbandry or other direct or indirect means is, lead to, decreases the total production investment and inereased the net return (Lovell, 1989) .
Data presented in Table ( 8) showed that feed costs (LE / ton) decreased gradually with increasing the substitution level of FM by CSM. The decrease in feed costs was 16.08, 32.17, 48.25 and 64 .33 % (relative to the cost of the control diet) for diets contained 25, 50, 75 and 100% CSM as replacers for FM.
Generally, results of the present experiment showed that the replacement of 25% of dietary FM by CSM (on CP basis) had no significant effect on all growth and feed utilization parameters of Nile tilapia. Also, diets contained 25% of dietary CSM as a replacer of FM had no adversed effect on hematological parameters and serum transaminases activities of Nile tilapia. Whereas, increasing the replacing level to 50, 75 or 100% had almost an adversed effect on all these parameters. Moreover, results of feed costs indicated that replacing 25% of dietary FM by CSM decreased the feed costs by 16.08%. Therefore, it is possible to substitutes 25% of dietary FM by CSM (on CP basis) in Nile tilapia diets. 
CONCLUSION
Based on the obtained results, it is clear that the replacement of 25% of dietary FM by CSM (on CP basis) had no significant effect on all growth parameters (BW, BL, K, WG and SGR values) and feed utilization parameters (FI, FCR, and PER values) of Nile tilapia. Also, diets contained 25% dietary CSM as a replacer of FM had no adversed effect on hematological parameters (hematocrit and hemoglobin) and serum transaminases (AST and ALT) activities of Nile tilapia. Whereas, increasing the replacing level to 50, 75 or 100% had almost an adversed effect on all these parameters, indicating the possibility of substituting 25% of FM by CSM in Nile tilapia diets to reduce feed cost.
